ditional substantial change in the US guideline is a lower risk threshold for statin treatment in asymptomatic individuals from 20% CHD risk in the ATP-III guidelines 4 to 7.5% ASCVD risk in the new guidelines. 5 The potential implications of the ACC/AHA guidelines in largely widening the populations endorsed for treatment and the accuracy of the ACC/AHA risk calculator have received much attention. [8] [9] [10] [11] [12] To be clinically useful, risk prediction models should provide good discrimination. Because decisions for statin treatment are based on an individual's absolute risk, calibration of the risk prediction models as well as the risk threshold for treatment are important. Varying approaches to CVD risk estimation and application of different criteria for therapeutic recommendations would translate into substantial differences in proportions of individuals qualifying for treatment at a population level. We therefore aimed to determine implications of the ACC/AHA, the ATP-III, and the ESC guidelines in a prospective cohort of Dutch individuals aged 55 years or older. Our first aim was to determine what proportion of the population would be treated based on each guideline. We then sought to examine discrimination and calibration of the 3 risk prediction models underlying these guidelines.
Methods

Study Population
Analyses were performed within the framework of the Rotterdam Study, a prospective population-based cohort study among persons aged 55 years or older in the Ommoord district of Rotterdam, the Netherlands. The rationale and design of the Rotterdam Study have been described elsewhere. 13 The baseline examination took place in 1990-1993 (RS-I). In 2000, the cohort was extended to include inhabitants who reached the age of 55 years in 1990-2000 and persons aged 55 years or older who migrated into the research area (RS-II). The Rotterdam Study was approved by the Medical Ethics Committee of the Erasmus Medical Center and all participants provided written informed consent. The present study used data from the third examination of the original cohort (RS-I, recruited 1997-1999) and the first examination of the extended cohort (RS-II, recruited [2000] [2001] . Among the participants aged 75 years or younger, there were 2209 men and 2645 women with measurements required for the analyses. Among these individuals, 315 men and 330 women were receiving statin treatment at baseline and therefore were excluded from the population for whom the eligibility for treatment based on each guideline was assessed. For further analyses on examining the performance of each risk scoring model, exclusions were made using the criteria from each guideline.
Main Outcome Measures and Follow-up
Main outcomes were hard ASCVD, composed of fatal and nonfatal myocardial infarction (MI), other CHD mortality, and stroke; hard CHD, composed of fatal and nonfatal MI and CHD mortality; and atherosclerotic CVD mortality.
14,15 Prevalent CVD was defined as a history of MI, coronary or other arterial revascularization, stroke or focal transient ischemic attack, or heart failure. Events were assessed until January 1, 2012. A complete description of the methods for measurement of cardiovascular risk factors, definitions of the outcomes, and details regarding the follow-up time is provided in the eAppendix in the Supplement.
Statistical Analyses
We calculated the 10-year risk of hard ASCVD events for each individual based on age, systolic blood pressure, treatment of hypertension, total and high-density lipoprotein (HDL) cholesterol levels, current smoking, and history of diabetes mellitus, using the sex-specific parameters from the ACC/AHA Pooled Cohort equations. 7 We used the recommended 5% and 7.5% risk thresholds for categorization of the 2 respective categories of "treatment considered" and "treatment recommended." 5 To comply with the ACC/AHA guideline, 5 the risk estimation for hard ASCVD was calculated among individuals who were not receiving lipid-lowering medication, were free of CVD at baseline, and had low-density lipoprotein (LDL) cholesterol levels below 190 mg/dL. Using the continuous ATP-III risk prediction model based on age, systolic blood pressure, treatment of hypertension, total and HDL cholesterol levels, and current smoking, 16 we also calculated the 10-year risk of hard CHD for the individuals who were not receiving lipid-lowering medication and were free of CVD and diabetes mellitus, to comply with the ATP-III guideline. 4 The risk thresholds used for categorization were 10% and 20%, corresponding to the cutoff points for defining the intermediate-and high-risk categories by the ATP-III guideline. 4 The 10-year risk of CVD mortality for each participant was based on age, systolic blood pressure, total cholesterol levels, and current smoking using the sex-specific intercepts and regression coefficients from the SCORE equation for low-risk European countries. 17 We used the recommended 1%, 5%, and 10% risk thresholds, corresponding to the cutoff points for defining the moderate-risk, high-risk, and very-high-risk groups, respectively, based on the ESC guideline. 6, 18 To comply with the ESC guideline, the SCORE risk estimation was performed among the individuals who were not receiving lipid-lowering medication at baseline and were free of CVD, diabetes melli-inclusion and exclusion criteria for different risk prediction models.
Based on each guideline, we formed 3 categories of treatment: "treatment recommended," "treatment considered," and "no treatment." eTables 1 through 3 in the Supplement describe the criteria used to form these 3 treatment categories by each guideline.
We assessed the discrimination and calibration of each risk prediction model in our population. Discrimination refers to ability of the model to assign a higher risk to individuals who develop the outcome of interest compared with those who remain free of disease. The discriminative performance of each risk-scoring model was assessed using the C statistic. Calibration is the agreement between the predicted probabilities of disease, based on the risk prediction model, and the actual incidence of events in the population. To assess the calibration of each risk prediction model, the average predicted 10-year risks for each risk function were compared with the average 10-year observed risks (ie, cumulative incidence of the event). Calibration plots were generated to assess the agreement between the predicted and observed risks over the entire range.
Results
Baseline characteristics of the participants are presented in Table 1 . The mean age of the participants was 65.5 (SD, 5.2) years and 54.5% were women.
Based on the ACC/AHA guideline, 5 the "treatment recommended" group included 96.4% (95% CI, 95.4%-97.1%; n = 1825) of men and 65.8% (95% CI, 63.8%-67.7%; n = 1523) of women while the "treatment considered" group included 3.3% (95% CI, 2.6%-4.2%; n = 63) of men and 14.2% (95% CI, 12.8%-15.7%; n = 330) of women. Only 0.3% of men (95% CI, 0.1%-0.7%; n = 6) and 20.0% (95% CI, 18.3%-21.6%; n = 462) of women were categorized in the "no treatment" group ( Table 2 and eTable 1 in the Supplement).
Using the ATP-III guideline, 4 52.0% (95% CI, 49.8%-54.3%; n = 985) of men and 35.5% (95% CI, 33.5%-37.5%; n = 821) of women were categorized in the "treatment recommended" group, while the "treatment considered" group included 14.2% (95% CI, 12.6%-15.8%; n = 269) of men and 14.1% (95% CI, 12.7%-15.6%; n = 326) of women. The "no treatment" category included the remaining 33.8% (95% CI, 68.3%; n = 1253) of men and 39.1% (95% CI, 37.1%-41.2%; n = 906) of women were included in the "treatment recommended" category. The "treatment considered" group comprised 31.6% (95% CI, 29.5%-33.7%; n = 598) of men and 51.4% (95% CI, 49.3%-53.4%; n = 1189) of women. Only 2.3% (95% CI, 1.6%-2.9%; n = 43) of men and 9.5% (95% CI, 8.3%-10.8%; n = 220) of women were assigned to the "no treatment" category (Table 2 and eTable 3 in the Supplement). eFigure 1 in the Supplement presents the treatment recommendations based on the 3 guidelines for the populations younger than 65 years and aged 65 years or older. The data suggest that almost all men older than 55 years and nearly all women older than 65 years are recommended for statin treatment based on the new ACC/AHA guideline. eTables 1 through 3 in the Supplement show that while all men and women with prevalent CVD were categorized in the "treatment recommended" group by the ACC/AHA guideline (eTable 1 in the Supplement), 12.9% of men and 4.2% of women with clinical CHD and CHD risk equivalents were categorized in the "treatment considered" or "no treatment" category based on the ATP-III guideline (eTable 2 in the Supplement). Using the ESC guideline, a small group of individuals with clinical CVD and its risk equivalents (0.6% of men and 0.4% of women) were categorized in the "treatment considered" group (eTable 3 in the Supplement). eTables 4 through 6 in the Supplement provide the description of the proportion of the population to whom each risk estimation model was applied. Among 1513 men and 1920 women included for ASCVD risk prediction (ACC/AHA), 192 men and 151 women developed hard ASCVD over 10-year follow-up. Among 1431 men and 1976 women included for CHD risk prediction (ATP-III), hard CHD occurred in 98 men and 62 women over 10-year follow-up. Among 1366 men and 1816 women included for CVD mortality risk prediction (ESC), 50 men and 37 women died of atherosclerotic CVD over 10-year follow-up. For all outcomes studied, follow-up time was truncated at 10 years for individuals with a longer follow-up time than 10 years.
After calculating the 10-year risk for individuals based on each risk prediction model, we first assessed the discriminative ability of each model. The C statistic for the ACC/AHA model was 0.67 (95% CI We then assessed the calibration of each risk prediction model. Figure 2 compares the average 10-year risks predicted by the ACC/AHA, ATP-III, or SCORE (ESC) risk prediction models with the observed 10-year risks (ie, cumulative incidence of events) in each risk category. Calibration was poor for all 3 models; the ACC/AHA (Figure 2A) , the ATP-III (Figure 2B) , and the SCORE equation (Figure 2C ) overestimated the 10-year risk among men and women across all risk categories. eTable 7 in the Supplement details the percentage of population at different categories of risk using each risk prediction model. The average predicted risks vs observed cumulative incidence of across categories of risk for men (n = 1513) and women (n = 1920). Individuals receiving statin treatment at baseline, with prevalent CVD, or with low-density lipoprotein cholesterol levels >190 mg/dL were excluded. B, Comparison of average observed hard coronary heart disease (CHD) risk over 10-year follow-up (ie, cumulative incidence of hard CHD) vs average predicted 10-year hard CHD risk by the Adult Treatment Panel III (ATP-III) risk prediction model 16 across categories of risk for men (n = 1431) and women (n = 1976). Individuals receiving statin treatment at baseline and those with prevalent CVD or diabetes mellitus were excluded. C, Comparison of average observed CVD mortality risk over 10-year follow-up (ie, cumulative incidence of CVD mortality) vs average predicted 10-year CVD mortality risk by the SCORE equation 17 across categories of risk for men (n = 1366) and women (n = 1816). Individuals receiving statin treatment at baseline and those with prevalent CVD, diabetes mellitus, or chronic kidney disease were excluded.
hard ASCVD events were 21.5% (95% CI, 20.9%-22.1%) vs 12.7% (95% CI, 11.1%-14.5%) for men and 11.6% (95% CI, 11.2%-12.0%) vs 7.9% (95% CI, 6.7%-9.2%) for women using the ACC/ AHA risk model. The average predicted vs observed cumulative incidences of hard CHD events were 16.1% (95% CI, 15.8%-16.5%) vs 6.8% (95% CI, 5.6%-8.3%) for men and 5.4% (95% CI, 5.2%-5.5%) vs 3.1% (95% CI, 2.4%-4.0%) for women based on the ATP-III. Using the SCORE equation, the average predicted vs observed cumulative incidences of CVD mortality were 6.8% (95% CI, 6.5%-7.1%) vs 3.7% (95% CI, 2.7%-4.8%) for men and 3.8% (95% CI, 3.7%-4.0%) vs 2.0% (95% CI, 1.4%-2.8%) for women. Calibration plots for the ACC/AHA, the ATP-III, and the ESC risk prediction models are presented in eFigures 2 through 4 in the Supplement.
Discussion
In this European population-based prospective cohort study of healthy men and women without previous CVD (ie, primary prevention population) aged 55 years or older, we found that nearly all men and more than 65% of women were recommended for drug treatment based on the recent ACC/AHA guideline. 5 Regarding secondary prevention of CVD, the ACC/AHA guidelines clearly recommend drug treatment for all persons with clinical CVD and its risk equivalents. 5 Based on the ATP-III and ESC guidelines, however, it is possible that some individuals with clinical CVD are categorized into 2 groups of "treatment considered" or "no treatment" based on their LDL cholesterol levels. 4, 6 For primary CVD prevention, based on the evidence from clinical trials of statin drugs, 19 the new ACC/AHA guidelines modified clinical decision making and proposed to recommend statin treatment solely based on a 10-year ASCVD risk greater than 7.5%. 5 This departure from previous guidelines in the United States and from the current ESC guideline represents a fairly straightforward approach that deviates from risk functions of 10-year hard CHD or CVD mortality combined with blood concentrations of LDL cholesterol. 4, 6 The new ACA/AHA guideline recommendations resulted in a larger "treatment recommended" group in our population 5 in contrast to the larger "treatment considered" group based on the ESC guidelines. 6 This raises questions about the use of a risk assessment calculator for treatment decisions when so large a proportion of the older population is among the "treatment recommended" group. A decade ago, Wald and Law 20 described a radical strategy to prevent CVD by prescribing a daily polypill to everyone aged 55 years or older without requiring risk factors to be measured. Our results suggest that by inclusion of stroke as an outcome and applying the lowered evidence-based risk threshold of 7.5% for treatment, 19, 21 the new ACC/AHA guidelines have approached this "age-based" strategy. In our population, almost all men older than 55 years and almost all women older than 65 years qualified for statin treatment based on the ACC/AHA guidelines. 5 The clinical usefulness of a risk prediction tool is determined by a combination of its discrimination and calibration.
In our study, the C statistic for the 3 risk prediction models ranged between 0.67 and 0.77, indicating moderate to good discrimination, with the SCORE equation providing the highest C statistic among the 3 models. Theoretically, if a model has perfect discrimination (ie, the C statistic exceeds 0.98), the cutoff threshold for treatment can be set at any level. However, the modest discrimination ability of the risk prediction models in our study indicates that there is a substantial overlap in the risk distributions of the individuals with and without the events. Therefore, given the current performance of the ACC/ AHA risk prediction model, the place of the cutoff threshold for treatment is essential.
When an individual's absolute risk prediction is used for clinical decision making regarding initiation of treatment, accurate calibration is very important. As also evident from our analyses, concerns regarding model calibration are pertinent to all 3 of the risk prediction models; to the Framingham risk score that formed the basis for the ATP-III, [22] [23] [24] to the SCORE equation, 25 and recently to the new ACC/AHA risk calculator. 12 Miscalibration of the risk prediction models, once applied in other populations rather than derivation sets, is expected. 26 Imperfect calibration could partly be explained by differences in the characteristics of the new populations, ie, different levels of baseline risk, for which the risk prediction model is applied. Furthermore, if the application cohorts are more contemporary to the cohorts used in the derivation sets, temporal improvements in overall health could partly be responsible for poor calibration.
The risk prediction models underlying all 3 guidelines overestimated the risk among men and women in our study. About 17% of men and 16% of women included in the ASCVD risk assessment in our study were eventually prescribed statins over the course of follow-up. Based on the premise that healthy lifestyle and therapeutic measures would reduce the CVD burden, statin prescription together with improvement of high blood pressure treatment, aspirin use, higher smoking quit rates, and other lifestyle modifications over the follow-up period might have contributed to the observed overestimations to some extent. Related closely to the calibration issue is the threshold for making clinical decisions. The new ACC/AHA guidelines substantially lowered the cutoff for treatment to an evidencebased threshold of 7.5%. 19, 21 If the new ACC/AHA risk prediction model led to overestimation among individuals at high levels of actual CVD risk (eg, >20% estimated 10-year risk), it would not necessarily affect the eventual proportion of people recommended for consideration of statin use. However, among individuals with lower actual CVD risks, overestimation by the risk prediction models is of much greater concern. Inaccuracy of the prediction models at the lower levels of risk could indeed result in many more individuals recommended for statins than were intended. While not explicitly stated in the new ACC/AHA guideline, setting of thresholds typically involves both an awareness of clinical benefit of the treatment in the target population combined with a judgment about costeffectiveness. Different countries and settings may decide on very different thresholds based on cost-effectiveness or resource considerations, which is another reason to look criti-
